We endorse recognition of four morphologically and cytologically distinct genera for Australasia's native Triticeae: Australopyrum, Stenostachys, Anthosachne and Connorochloa. To encourage adoption of this recommendation, we present a key to all genera of Triticeae found in Australasia, descriptions of the native genera, keys to their species, the new combinations required to implement our generic recommendations (Anthosachne falcis, A. fertilis, A. longiseta, A. multiflora var. kingiana, A. plurinervis, A. rectiseta, A. solandri and Stenostachys enysii), and representative line drawings. These and additional identification resources are available on the web at http://herbarium.usu.edu/triticeae. We also lectotypify Agropyron velutinum Nees.
Introduction
and Dewey (1984) independently proposed using genomic constitution to determine generic boundaries in the Triticeae, species with different genomic constitutions being placed in different genera. They argued that these genomic genera would better reflect phylogenetic relationships within the tribe; Dewey added that they would be a better guide for plant breeders. By genomic analysis, Löve and Dewey referred to analysis of pairing behaviour of the chromosomes in hybrid plants, hybrids in which there was complete, or almost complete, pairing at metaphase being interpreted as having the same genomes. The response from taxonomists was largely negative (see, e.g., Baum et al. 1987 , Kellogg 1989 , Seberg & Peterson 1998 . Most objected on theoretical grounds, but many field-oriented scientists objected that the genomic genera could not be identified morphologically, a factor that limited their utility. Löve (1984) listed the genomic constitution of all the taxa he recognised but, as he stated in his introduction, he was often forced to infer the information from existing taxonomic treatments, not cytogenetic analysis. In the last 25 years, cytological and molecular information about the Triticeae has increased significantly, resulting in the discovery of more haplomes, and combinations of haplomes, than was known in 1984, particularly within Elymus sensu Löve and Dewey (see http://herbarium.usu.edu/ Triticeae/genomes.htm). These studies have also consistently demonstrated a strong correlation between the cytogenetic and molecular information, a correlation so strong that molecular information is often used nowadays to infer genomic constitution (e.g., Stewart et al 2005 , Liu et al. 2008 . Of particular importance to this paper, all Australasian taxa have been shown to contain the W genome, either by itself, as in Australopyrum, or in one of three different combinations: HW, StYW, and StYHW (genome symbols from the International Triticeae Consortium; http://herbarium.usu. edu/Triticeae/genmsymb.htm) which correspond to the genomic genera Stenostachys, Anthosachne, and Connorochloa, respectively.
There have been few formal investigations of the relationship between morphology and genomic constitution in the perennial Triticeae. Salomon and Lu (1992) studied seven taxa in two genomic groups, StY and StH, and found a correlation between genome constitution and palea apex shape and the size and abundance of the teeth on the palea keels. Baum et al. (1995) conducted discriminant analysis of nine characters scored on 290 specimens representing 100 species in four genomic groups, P, StH, StYP, and StY. The resulting functions correctly identified the genomic group of the specimens 73% of the time. used Random Forests analysis (Cutler et al. 2007 ) of data for 61 morphological characters scored on 218 specimens representing 13 different genomic groups. The analysis correctly identified the genomic group of 87% of the specimens among which were all but one of the Australasian specimens (an StYHW specimen that was identified as StYW). Moreover, when asked to classify specimens as to whether they had or did not have the W genome (which corresponds to Australasian or non-Australasian), Random Forests Analysis achieved a 95% success rate for the W-containing specimens and 97% success rate for the others. Given these high success rates for morphological identification of the genomic constitution of Australasian specimens, we support recognition of four genera within Australasia's native Triticeae: Australopyrum, Stenostachys, Anthosachne, and Connorochloa. Their genomic constitutions are W, HW, StYW, and StYHW respectively. The purpose of this paper is to provide the names required for implementation of this recommendation and descriptions and keys for the genera and species involved. Descriptions of the species can be found in Hitchcock (1936) , Veldkamp and van Scheindelen (1989) Edgar and Connor (2000) , Jacobs et al. (2009 ), Flora of Australia (2009 , and online at http://herbarium.usu.edu/Triticeae.
Materials and methods
We developed comparable descriptions for all the Australasian taxa based on examination of specimens in CANB, CHR, MEL, NSW, UNE, and UTC and from published descriptions (Hitchcock 1936 , Veldkamp & van Scheindelen 1989 , Edgar & Connor 2000 , Jacobs et al. 2008 , Flora of Australia 2009 . In doing so, we followed a standard format, appropriate for incorporation into Fact Sheet Fusion (CBIT 2005), a program that facilitates development of interlinked web pages.
We used the information in the descriptions to develop dichotomous and/or multiaccess keys for identification of all genera of the Triticeae that have been found in Australasia and the species of each Australasian genus. To create the generic key, we drew on descriptions of the genera at http://herbarium.usu.edu/Triticeae. The programs used to generate the keys were Phoenix (CBIT 2004) and Lucid 3.5 (CBIT 2009).
Results
It was clear from our examination of specimens, particularly those of Anthosachne, that there is need for a revisionary treatment of the Triticeae in Australasia, a task that was beyond the scope of this project. Nevertheless, we decided that it would be useful to provide a treatment that is based on existing treatments (Edgar & Connor 2000 , Jacobs et al. 2008 , Flora of Australia 2009 ) at the species level but reflects our generic conclusions. We present first a key to the genera found in Australasia followed by brief descriptions of the native genera and line drawings of representative species. Each generic description is followed by a key to its species and a listing of those recognised. The new combinations are presented in the species listings. The species listings end with information on the location of type specimens but we have only examined types followed by an exclamation point (!) or, if the exclamation point follows the word "image", only an image of the specimen. Additional illustrations are available at http://herbarium.usu.edu/Triticeae/Australasia. Plants perennial, loosely tufted. Culms 10-70 cm tall; lowest internode 0.5-2.2 mm thick. Leaf blades 0.5-3.5 mm wide, flat to loosely involute. Inflorescence spikelike, 1.5-13 cm long; rachis tough, usually prolonged beyond the base of the distal spikelet up to 3.5 mm; lowest internode 3-12 mm long; middle internodes 2-7 mm long; disarticulation below the glumes. Spikelets solitary, tangential to the rachis, 7.5-19 mm long, with 3-9 florets, not pedicellate or on pedicels to 1 mm long, tangential to and usually strongly divergent or reflexed from the rachis, sometimes ascending.
Key to the genera of
Glumes 5-9 mm long, stiff, narrowly lanceolate, to awnlike. Lemmas 4.8-11 mm long, awned, awns to 4 mm, straight. Paleas from ¾ as long as to equalling the lemmas, keel veins with widely spaced long, coarse teeth, often extending beyond the intercostal region, converging to a narrow tip, the keel veins often extending beyond the intercostal region. Anthers 1-6 mm long.
Distribution: one species native to Papua New Guinea, three to Australia, and one to New Zealand.
Cytology: 2n = 14, determined on A. velutinum (Löve et al. 1982), A. calcis, A. pectinatum, and A. retrofractum (Connor et al. 1993 ). Genomic constitution: W. Löve assigned the letter, assuming that the haplome of Austalopyrum differed from that of other diploids in the tribe. Subsequent work has supported his interpretation (Torabinejad & Mueller 1993 , Stewart et al. 2005 , Liu et al. 2006 .
History:
Australopyrum was first recognised by Tzvelev (1973) as a section of Agropyron, differing from sect. Agropyron in its pedicellate, strongly divergent spikelets. Löve (1984) raised it to generic status, including in it the diploid Triticeae from Australia and New Zealand. The genus has been accepted in subsequent works by Australian and New Zealand botanists (Wheeler et al. 1990 (Wheeler et al. , 2002 Connor 1993; Edgar & Connor 2000; Jacobs et al. 2008; Henwood & Weiller 2009 Plants perennial, stoloniferous. Culms 29-80 cm tall, lowest internode 0.6-1.5 mm thick. Leaf blades 1-4 mm wide, flat, adaxial surface usually with moderately prominent ribs. Inflorescence spikelike, nodding or drooping; rachis tough, surfaces glabrous, prolonged for (0.2)0.5-6 mm beyond the base of the most distal spikelet, middle internodes 2-7 mm long; initial disarticulation below the florets, glumes following soon thereafter. Spikelets solitary, not pedicellate, appressed to divergent, lowest spikelet slightly longer than the adjacent internode, middle spikelets from 2-3 times longer than the adjacent internode. Glumes absent or to 6.7 mm long, shorter than the adjacent lemma, to 0.9 mm wide, tangential to the rachis, subulate to lanceolate but tapering from near midlength to an awnlike tip, membranous with a scarious margin when not subulate, usually scabridulous. Florets radial or almost radial to the rachis; rachilla glabrous on the surfaces. Lemmas usually mostly smooth but scabrous distally, at least over the midvein, sometimes scabrous throughout, rounded over most of the midvein but keeled distally, tips often bidentate, midvein extending into an awn 0.5-6.5 mm long. Paleas tapering in the distal quarter. Lodicules lobed or entire, sometimes ciliate distally. Anthers 1.5-3 mm long.
Distribution: four species, all native to New Zealand.
Cytology: 2n = 28, counted on S. enysii, S. gracilis, and S. laevis (Hair in Connor 1954) . Genomic constitution HW, demonstrated for S. enysii by Svitashev et al. (1998) and for all four species by Stewart et al. (2005) . H is the maternal genome. Cytology: Torabinejad et al. (1987) showed that three of the Australian taxa were hexaploids and postulated that their genomic composition was StYW or HYW. Subsequently, Dawson (2000) and Murray et al. (2005) showed that the New Zealand species were all hexaploids. Redibaugh et al. (2000) demonstrated that Elymus rectisetus [An. ≡ rectiseta] was StYW and Stewart et al. (2005) showed that this was also the genomic constitution of the New Zealand hexaploids. There is no cytological information for Anthosachne longiseta.
History: Steudel (1854) was the first to recognise Anthosachne, creating it to accommodate one species, A. australasica [≡ A. rectiseta] . Nevski (1934) expanded it to include A. scabra plus three Asian species. Melderis (1970) treated Anthosachne as a section of Agropyron and added more Asian species to it. Tsvelev (1973) transferred it, as a section, to Elymus, and added still more Asian species to it. Löve also treated Anthosachne as a section of Elymus but expanded it to include, in addition to several Asian species, seven Australasian species, including one tetraploid, three hexaploids, one octoploid, and two species for which there were no cytogenetic data. He assumed that all species of Elymus, including those of sect. Anthosachne, contained only the St and H genomes.
Since 1990, the Asian species placed in sect. Anthosachne have been shown to be StY tetraploids, differing in this respect from the Australasian taxa. Based on this information, Yen et al. (2006) returned Anthosachne to generic status and restricted it to Australasian hexaploids with the genomic constitution StYW, placing the Asian species in the genus Roegneria. Unfortunately, they did not provide all of the combinations needed and some of those they did make are invalid, are based on nomenclatural synonyms, or reflected a dated species classification without providing reasons for doing so.
Anthosachne differs from most genera of the Triticeae in its tendency to have rather slender culms with drooping inflorescences and large, widely spaced, solitary spikelets. The glumes are usually very short compared to the adjacent lemmas and narrow from near the base. It is also the only genus in the Triticeae in which apomixis is known to occur (Hair 1956 , Murphy 2003 , Connor 2005 ). We agree with Yen et al. that it should be restricted to Australasian hexaploids because they are morphologically, cytologically, and geographically distinct from other Triticeae.
Examination of specimens from AD, CHR, MEL, NSW, NE, and PERTH plus field work and discussions with Neville Walsh and Wal Whalley indicate that a detailed study of the genus is needed, one that includes examination of variation throughout Australia, a finding that echoes comments in Murphy and Jones (1999) and Murphy (2003) . Until a more detailed study has been completed, it seems best to make minimal changes to existing treatments. Consequently, the following key draws heavily on information from the various papers cited. Löve & Connor, New Zealand J. Bot. 20: 182 (1982 & Proc. New Zealand Inst. 73: 233 (1943) ; Elymus multiflorus var. longisetus (Hack.) Á. Löve & Connor, New Zealand J. Bot. 20: 183 (1983 Elymus tenuis (Buchanan) Á. Löve & Connor, New Zealand J. Bot. 20: 183 (1982) . Type: New Zealand, without locality or date, Buchanan's folio. (holotype: WELT59620, image!).
Discussion
The primary purpose of this paper was to publish the names required for adoption of the generic conclusions explained in . Almost all the changes involve Australasian taxa currently included in Elymus by botanists in the region, most of which are transferred to Anthosachne. Consequently, recognising it will be easy for people already familiar with the Triticeae in Australasia. Distinguishing Connorochloa from Anthosachne is, admittedly, hard; some will consider its recognition as a genus inappropriate. The discovery of plants, currently included in Anthosachne scabra, that seem to have a similar habit certainly raises questions. We decided to stand by our earlier decision pending further study of Anthosachne.
The situation with respect to Connorochloa emphasises the desirability of completing taxonomic revisions before publishing new names. Unfortunately, completing such a revision will probably take, even with funding, three or more years and several nomenclaturally incorrect names have already been published. It seemed best, therefore, to present names that reflect the species-level treatment of the Australasian taxa by those familiar with them.
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